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Objective.—To determine if linguistic ability in early life is associated with cog- 
nitive function and Alzheimer’s disease in late life. 

Design.— Two measures of linguistic ability in early life, idea density and gram- 
matica! complexity, were derived from autobiographies written at a mean age of 22 
years. Approximately 58 years later, the women who wrote these autobiographies 
participated in an assessment of cognitive function, and those who subsequently 


died were evaluated neuropathologically. 


Setting.—Convents in the United States participating in the Nun Study; pri- 
marily convents in the Milwaukee, Wis, area. 

Participants.— Cognitive function was investigated in 93 participants who were 
aged 75 to 95 years at the time of their assessments, and Alzheimer's disease was 
investigated in the 14 participants who died at 79 to 96 years of age. 

Main Outcome Measures.—Seven neuropsychological tests and neuropatho- 


logically confirmed Alzheimer's disease. 


Results.—Low idea density and low grammatical complexity in autobiographies 
written in early life were associated with low cognitive test scores in late life. Low 
idea density in early life had stronger and more consistent associations with poor 
cognitive function than did low grammatical complexity. Among the 14 sisters who 
died, neuropathologically confirmed Alzheimer’s disease was present in all of those 
with low idea density in early life and in none of those with high idea density. 

Conclusions.—Low linguistic ability in early life was a strong predictor of poor 
cognitive function and Alzheimer’s disease in late life. 


LOW ATTAINED education is associ- 
ated with poor health and function in older 
adults’? and a higher risk of Alzheimer’s 
disease and dementia.*® Individuals with 
low education may be more likely to de- 
velop dementia and other diseases because 
of lifestyle differences associated with edu- 
cation, such as nutrition, alcohol consump- 
tion, and occupational exposures. An al- 
ternate explanation is suggested by the 
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threshold model of dementia.*" This model 
proposes that individuals will exhibit de- 
mentia only if their cognitive or neuro- 
logical reserve capacity falls below a spe- 
cific threshold (eg, a critical volume of 
functional brain tissue). Thus, neurocog- 
nitive reserve developed in early life may 
buffer elderly individuals from the con- 


sequences of dementia. 


Education may reflect the extent of 
cognitive ability and neurological devel- 
opment in early life and hence the avail- 
ability of neurocognitive reserve in late 
life. Linguistic ability in early life may be 
a better marker than education of impor- 
tant aspects of cognitive ability, neuro- 
cognitive development, and neurologic re- 
serve in early life. A high level of linguistic 
ability in early life may act as a buffer to 
cognitive decline by facilitating mnemonic 
processes for encoding, organizing, and 
retrieving information.” Kemper and 
colleagues! have shown that linguistic 


ability may be assessed by analyzing the 
form and content of oral and written lan- 
guage samples to reveal how normal ag- 
ing and the progression of Alzheimer’s 
disease affect linguistic ability. This re- 
search suggests that working memory 
limitations in healthy adults affect their 
ability to develop and use complex gram- 
matical constructions, leading to a decline 
in grammatical complexity in late life. The 
progression of Alzheimer’s disease is as- 
sociated with declines in both grammati- 
cal complexity and density of ideas ex- 
pressed in sentences. In the current study, 
we investigated the relationship of lin- 
guistic ability in early life to cognitive 
function and neuropathologically con- 
firmed Alzheimer’s disease in late life in 
a subset of the Nun Study population 
who had handwritten autobiographies 
from early life. 


METHODS 
Study Population 


Participants in the Nun Study are 
members of the School Sisters of Notre 
Dame religious congregation. In 1991 te 
1993, American sisters born before 1917 
were asked to join the Nun Study, a 
longitudinal study of aging and Alzhei- 
mer’s disease. Of the 1027 eligible sis- 
ters, 678 (66%) agreed to participate and 
gave informed written consent. Partici- 
pants and nonparticipants did not differ 
significantly by country of birth, age, 
race, or annual mortality rate. The par- 
ticipation rate in the Nun Study is rela- 
tively high given that all participants 
agreed to brain donation at death as 
well as annual assessments of cognitive 
and physical function. 

We investigated the relationship of 
linguistic ability in early life to cognitive 
function and Alzheimer’s disease in late 
life in a subset of 93 participants in the 
Nun Study. All 93 participants in the 
study were white and born in the United 
States and had. handwritten autobiog- 
raphies from early life on file in the con- 
vent archives. 


Linguistic Ability and Alzheimer’s Disease—Snowdon et al | 





Linguistic 


Autobio; 
were used 
guistic abil 
erage of 4y 
each sister 
weeks befe 
Archivalin 
dicated th 
“write a sh 
account shi 
to three h 
written on 
clude the p 
esting and 
hood, schoc 
to the conv 
standing e 

To ensui 
composed | 
used only | 
We discove 
written au 
in the Nun 
United St 
waukee Pi 
For the 10% 
had handv 
had typed 
ographies 
located). T 
terviewed, 
handwritte 
pleted witl 

Two indi 
derived fri 
density” 
Prior studi 
associated ` 
lary, and | 
grammatic 
with work 
speeded ta 

In the cu 
density ar 
scores of e: 
for the las 
biography. 
the averag 
per 10 wor 
ementary y 
adjective, 
phrase. Cot 
or inferrec 
relationshi 
counted. G 
computed 
Level met 
Rosenberg 
fied by Ch 
velopment: 
tences aco 
grammatice 
zero (simp 

seven (com 
forms of en 
Allautob 


JAMA, Febru 





| by analyzing the 


l] and written lan- 


] how normal ag- 
7 | composed by the sisters themselves, we 


4 used only handwritten autobiographies. 
§ Wediscovered a high percentage of hand- 
| written autobiographies for participants 
{ inthe Nun Study who were born in the 
į United States and who joined the Mil- 
i waukee Province during 1931 to 1939. 
j Forthe 103 sisters in this group, 93 (90%) 
į had handwritten autobiographies (two 
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| Linguistic Ability 


Autobiographies found in the archives 


f were used to characterize the level of lin- 
f gistic ability in early life. After an av- 
4 crage of 4 years of training in the convent, 
4 cach sister wrote an autobiography a few 
i weeks before taking her religious vows. 
| Archival information from the convent in- 


dicated that each sister was asked to 


] ‘write a short sketch of her own life. This 
$ acount should not contain more than two 
| to three hundred words and should be 
| written on a single sheet of paper ... in- 
y ‘ude the place of birth, parentage, inter- 
į eting and edifying events of one’s child- 


hood, schools attended, influences that led 
to the convent, religious life, and its out- 


f standing events.” 


To ensure that autobiographies were 


had typed autobiographies and autobi- 


f ographies of eight sisters could not be 
f bcated). Ten sisters were recently in- 
j terviewed, and they confirmed that their 
į handwritten autobiographies were com- 


| pleted without the assistance of others. 


Two indicators of linguistic ability were 


| derived from each autobiography: idea 


density’? and grammatical complexity. 


{ Prior studies suggest that idea density is 


| associated with educational level, vocabu- 


| ary, and general knowledge, whereas 


| grammatical complexity is associated 
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In the current analysis, the mean idea 
density and grammatical complexity 
scores of each sentence were computed 
ior the last 10 sentences of each auto- 
biography. Idea density was defined as 
the average number of ideas expressed 
per 10 words. Ideas corresponded to el- 
ementary propositions, typically a verb, 
adverb, or prepositional 


# or inferred causal, temporal, or other 


# relationships between ideas also were 


§ counted. Grammatical complexity was 
computed using the Developmental 


Level metric originally developed by 
Rosenberg and Abbeduto and modi- 
fed by Cheung and Kemper.!® The De- 
velopmental Level metric classifies sen- 
tences according to eight levels of 


l grammatical complexity, ranging from 


f zero (simple one-clause sentences) to 
§ seven (complex sentences with multiple 
f orms of embedding and subordination). 


Allautobiographies were scored foridea 
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density and grammatical complexity by a 
single coder who was blinded to the age 
and cognitive function of each sister. Ten 
autobiographies also were scored inde- 
pendently by a second coder. The coders 
had a high level of agreement in scoring 
(ie, the intercoder correlation was 0.88 for 
idea density and 0.98 for grammatical com- 
plexity). Idea density and grammatical 
complexity also had a high degree of re- 
lability. New handwritten autobiogra- 
phies were elicited from 47 of the 93 Mil- 
waukee sisters who survived to 1995. The 
linguistic scores for the autobiographies 
written in the 1930s and those written in 
1995 were highly correlated (ie, 0.73 for 
idea density and 0.62 for grammatical com- 
plexity). 


Cognitive Function 


Cognitive function was assessed by a 
battery of seven neuropsychological 
tests.” These tests assessed memory, con- 
centration, language, visuospatial abil- 
ity, and orientation to time and place. Poor 
performance on these tests corre- 
sponded to the bottom quartile of the dis- 
tribution of test scores for the 678 sis- 
ters in the source population (ie, <3 for 
Delayed Word Recall; <7 for Word Rec- 
ognition; <13 for Word List Memory; <10 
for Verbal Fluency; <9 for Construc- 
tional Praxis; <10 for Boston Naming; 
and <24 for the Mini-Mental State Exam). 


Neuropathoiogic Evaluation 


Senile plaques and neurofibrillary 
tangles were quantitated in the CA1 and 
subiculum of the hippocampus, inferior 
parietal lobule (Brodmann areas 39/40), 
middle temporal gyrus (area 21), and 
middle frontal gyrus (area 9). Using the 
10 most involved fields of each region, 
Bielschowsky-stained sections were used 
to count the number of senile plaques per 
10X field (2.35 mm?) and the number of 
neurofibrillary tangles per 20x field (0.586 
mmĉ). 

Diagnosis of Alzheimer’s Disease 


Participants in the study who had Alz- 
heimer’s disease had both intellectual 
decline prior to death consistent with 
dementia and neuropathologic evidence 
of Alzheimer’s disease. 

Intellectual decline prior to death con- 
sistent with dementia was based on cog- 
nitive and physical function data collected 
at each sister’s last functional assessment 
prior to death. To be considered as hav- 
ing intellectual decline consistent with de- 
mentia, a sister had to meet each of the 
following three conditions: (1) impaired 
memory (ie, <4 on Delayed Word Re- 
call); (2) impairment in at least one other 
area of cognition (ie, <11 on Verbal Flu- 
ency, <12 on Boston Naming, or <9 on 
Constructional Praxis); and (3) impair- 
ment in social functioning as indicated by 





an inability to perform at least one of 
three tasks of daily living (ie, dressing, 
using a telephone, and handling money). 


_ Cut-points for determining impairments 


in memory and other areas of cognition 


_ were based on the fifth to 10th percentile 


scores for nondemented older adults,”’ and 
the inability to perform tasks of daily liv- 
ing was determined by performance- 
based tests. 2% 

Neuropathologic evidence of Alzhei- 
mer’s disease was based primarily on the 
presence of neurofibrillary tangles in the 
neocortex (ie, parietal, temporal, and fron- 
tal lobes), since recent studies indicate 
that neurofibrillary tangles in the neocor- 
tex may be better markers of the cogni- 
tive deficits of Alzheimer’s disease than 
are senile plaques.” These studies, as 
well as the Nun Study, show that the 
density of neurofibrillary tangles in the 
neocortex is strongly associated with the 
severity of the cognitive deficits of 
Alzheimer’s disease. In addition to the 
presence of neurofibrillary tangles in the 
neocortex, all Alzheimer’s disease cases 
had abundant senile plaques in the neo- 
cortex and met the diagnostic criteria 
for Alzheimer’s disease described by 
Khachaturian.* 


Statistical Methods 


Means, SDs, and Pearson correlation 
coefficients were calculated using stan- 
dard methods.” Unadjusted odds ratios 
were calculated using a logit estimator of 
the ratio and its precision-based confi- 
dence intervals.” Adjusted odds ratios 
were computed by logistic regression, and 
adjusted means were computed by least 
squares regression.” 


RESULTS 


The distribution of the primary vari- 
ables used in this analysis are described 
in Table 1. The 98 Milwaukee sisters in 
this study wrote their autobiographies at 
an average age of 22 years and had their 
cognitive function assessed an average of 
08 years later, when they were 75 to 87 
years old. Excerpts from the autobiog- 
raphies of the two sisters with the great- 
est difference in linguistic ability are pre- 
sented in Table 2. These excerpts 
illustrate the method used to compute 
idea density and grammatical complex- 
ity, the two indicators of linguistic ability 
used in this study. 

Correlations between the primary vari- 
ables used in this analysis showed a sig- 
nificant association between idea density 
and grammatical complexity (corréla- 
tion=0.45; P<.001) and a significant asso- 
clation between idea density and years of 
education (correlation=0.27; P<.01). The 
correlations also indicated that neither idea 
density nor grammatical complexity was 
associated with the age at which the au- 
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tobiography was written or the age at 
which cognitive function was assessed. 

Least squares regression was used to 
assess the associations between linguistic 
ability in early life and cognitive function 
in late life. Findings from a series of re- 
gression analyses are shown in Table 3 
and relate linguistic ability in early life, 
age, and education scores to scores for the 
Mini-Mental State Examination, a widely 
used test of global cognitive functioning. 
These analyses indicate that cognitive 
function was associated with idea density, 
grammatical complexity, and years of edu- 
cation. Idea density, however, had the 
strongest association with cognitive func- 
tion as indicated by the percent of the 
variance explained (Table 3). 

To control more strictly for education 


‘and occupation, regression analyses were 


repeated in a subgroup who all had high 
school diplomas when they wrote their 
autobiographies, achieved bachelor’s de- 
grees sometime during their lives, and 
were teachers most of their lives. Find- 
ings on these 85 college-educated teach- 
ers were similar to the findings on the 
total population of 93 sisters described in 
Table 3. For regression analyses that in- 
cluded age, years of education, idea den- 
sity, and grammatical complexity, the 
changes in the Mini-Mental State Exami- 
nation score with each unit change in lin- 
guistic ability among the college-educated 
teachers were 2.68 (95% CI, 1.56 to 3.80; 
P<.001) for idea density and 2.02 (95% 
CI, 0.06 to 3.98; P<.05) for grammatical 
complexity. 

Other analyses presented in Table 4 
describe the associations between the two 
linguistic measures and poor performance 
on seven cognitive tests. In these analy- 
ses, sisters with idea density in the bot- 
tom third of the distribution (the 33.8 
percentile value or lower described in 
Table 1) were classified as low in idea 
density, and those in the top two thirds 
of the distribution were classified as high 
in idea density. Grammatical complexity 
was classified by the same procedure. Of 
the 93 sisters, 34 had low idea density and 
32 had low grammatical complexity in 
their autobiographies. Findings in Table 
4 indicate that idea density and gram- 
matical complexity in early life had strong 
associations with each of the seven cog- 
nitive function tests. The associations be- 
tween linguistic ability in early life and 
cognitive function in late life were stron- 
ger and more consistent for idea density 
than for grammatical complexity. These 
findings on the 93 sisters were not ma- 
terially different when the analyses were 
restricted to the subgroup of 85 college- 
educated teachers (results not shown). - 

The last series of analyses were con- 
ducted on sisters who died. There were 14 
deaths that occurred in the 93 Milwaukee 
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Table 1.—Distribution of Primary Variables for 93 Milwaukee, Wis, Sisters in the Nun Study Who Had 
Handwritten Autobiographies* 


Percentile 
win te oo 
Variable Mean SD Minimum 33.3 50.0 66.7 Maximum 
Idea density 7.0 1.2 3.9 6.8 7.2 7.6 9.3 
Grammatical complexity 2.6 0.7 1.1 2.3 2.6 2.8 5.0 
Years of education attained in life 16.5 2.5 8.0 16.0 18.0 18.0 20.0 
Age when autobiography written 22.0 2.9 18.9 20.3 21.1 22.4 32.4 
Age when cognitive function assessed 79.9 3.0 75.6 78.1 79.4 80.4 87.3 
Mini-Mentai State Examination score 26.0 7.4 0.0 28.0 28.0 29.0 30.0 


*idea density refers to the average number of ideas (propositions) expressed per 10 words. Grammatical 
complexity refers to a score ranging from 0 (simple one-clause sentences) to 7 (complex sentences with multiple 
forms of embedding and subordination). Mini-Mental State Examination scores ranged from O (poorest global 
cognitive function) to 30 (best global cognitive function). 


Table 2.—Examples of the Computation of Idea Density (ID) and Grammaticat Complexity (GC)* 


Sister A Sister B 


The happiest day of my life so far was my First Communion Day which 
was in June nineteen hundred and twenty when | was but eight years 
of age, and four years later in the same month | was confirmed by 
Bishop D. D. McGavick. (ID=8.6; GC=7) 


Two of the boys are dead. (ID=3.3; | visited the capitol in Madison and also the Motherhouse of the 
GC=0) Franciscan Sisters of Perpetual Adoration at Duluth which visit 
increased my love for Notre Dame, because it was and is Notre 
Dame. (iID=9.1; GC=7) 


| prefer teaching music to any other Now | am wandering about in “Dove’s Lane” waiting, yet only three more 
profession. (1D=5.0; GC=5) weeks, to follow in the footprints of my Spouse, bound to Him by the 
Holy Vows of Poverty, Chastity, and Obedience. (ID=9.1; GC=7) 


| was born in Eau Claire, Wis, on 
May 24, 1913 and was baptized in 
St James Church. (ID=3.9; GC=0) 








*Of the 93 Milwaukee sisters, sisters A and B had the lowest and highest scores on ID and GC. Each of their 
autobiographies contained 10 sentences, and this table includes their first, fifth, and 10th sentences. Ideas expressed 
in sister A’s first sentence were (1) | was born; (2) born in Eau Claire Wis; (3) born on May 24, 1913; (4) | was baptized; 
(5) was baptized in church; (6) was baptized in St James Church; and (7) | was born. . . and was baptized. There 
were 18 words or utterances in that sentence. The ID for that sentence was 3.9 (ie, 7 ideas divided by 18 words 
and multiplied by 10 to yield a score of 3.9 ideas per 10 words). Sister A died with neuropathologically confirmed 
Alzheimer’s disease; sister B is alive without cognitive impairment. To ensure anonymity, all dates and proper nouns 
in each autobiography were changed. 


Table 3—Change in Mini-Mental State Examination (MMSE) Score With Each One-Unit Change in 
Variables in Different Regression Models* 


Changes in MMSE 
Score per Unit 
Change in Variable 


Percentage of Variance 
In MMSE Score Explained 


Model Variables (95% Cl) by Model (r°) 

1 Age, y ~—0.20 (—0.70 to 0.30) 1 

2 Age, y —0.12 {—0.60 to 0.35) | 13 
Education, y 1.05 (0.48 to 1.61)T 

3 Age, y -  =0.11 (-0.56 to 0.35) 20 
Grammatical complexity 4.78 (2.76 to 6.81)T 

4 Age, y —0Q.01 (-0.41 to 0.40) | 37 
Idea density 3.59 (2.61 to 4.57)T 

5 Age, y 0.01 (—0.39 to 0.40) 
Idea density 3.03 (1.96 to 4.09)T 40 
Grammatical complexity 2.34 (0.39 to 4.30)F 

6 Age, y 0.04 (—0.35 to 0.42) 
Education, y 0.62 (0.14 to 1.09)§ 45 


2.70 (1.64 to 3.77)t 
2.51 (0.42 to 4.21)t 


Idea density 
Grammatical complexity 


*Units of analyses used were years of age at the functional assessment, years of education, idea density score 
(ie, number of ideas per 10 words), grammatical complexity score (ranging from 0 for simple one-clause sentences 
to 7 for complex sentences with multiple forms of embedding and subordination), and MMSE score (ranging from 
0 for poorest global cognitive function to 30 for best global cognitive function). Least squares regression was used 
for this analysis. Cl indicates confidence interval. 

tP=.001 for the association of a variable with an MMSE score. 

+P=.05 for the association of a variable with an MMSE score. 

§P=.01 for the association of a variable with an MMSE score. 


Because of the small number of deaths, 
we studied an additional 11 sisters from 
other convents who died and had hand- 
written autobiographies. Five had neu- 
ropathologically confirmed Alzheimer’s 
disease. Low idea density in early life was 


sisters. Five had neuropathologically con- 
firmed Alzheimer’s disease. Low idea den- 
sity in early life was present in 100% of 
those with Alzheimer’s disease, compared 
with 0% in those without Alzheimer’s dis- 
ease (P<.001). 
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| Table 4.—Poor Performance on Cognitive Tests in Late Life by Linguistic Ability Demonstrated in Autobiographies Handwritten in Early Life* 


Percent With Poor 
Cognitive Performance 
by Level of Linguistic 


Multivariate-Adjusted 


Unadjusted Odds Ratio Odds Ratio 


Measure of Ability of Poor Performance of Poor Performance in 
Measure of Poor Cognitive in Low vs High Linguistic Low vs High Linguistic 
Linguistic Ability Performance Low High Ability Groups (95% Ci) Ability Groups (95% Cl)t 
$ dea density Mini-Mental State Examination 35 2 31.6 (3.9-257.9)} 30.8 (2.6-362.7)§ 
; Delayed Word Recall 41 3 20.0 (4.2-95.6)t ~ 15.3 (3.0-78.3)+ 
Word Recognition 26 2 20.9 (2.5-173.7)¢ 15.8 (1.8-138.3)§ 
Word List Memory 32 3 13.6 (2.8-66.3)f 8.9 (1.7-47.2)§ 
Verbal Fluency 21 3 7.4 (4.4-38.0)§ 7.3 (1.2-42.8)]|| 
Constructional Praxis 24 3 8.8 (1.7-44.2)§ 5.4 (1.0-30.7) 
Boston Naming 24 5 5.7 (1.4-23.4)§ 3.2 (0.7-15.4) 
g Grammatical complexity Mini-Mental State Examination 34 3 15.5 (3.2-75.5)t 16.3 (2.0-130.9)§ 
Delayed Word Recall 34 8 5.9 (1.8-18.9)§ 4.1 (1.0-16.5)I| 
Word Recagnition 22 5 5.4 (4.3-22.7)§ 3.8 (0.8-19.1) 
Word List Memory 28 7 5.6 (1.6-19.9)§ 3.5 (0.8-16.0) 
Verbal Fluency 19 5 4.5 (1.0-19.2)|| 2.7 (0.5-13.3) 
Constructional Praxis 22 5 5.4 (1.3-22.7)§ 2.7 (0.5-13.4) 
Boston Naming 28 3 11.5 (2.3-57.5)t 8.1 (1.5-45.2)]| 


| a a re a ae a a 


‘These findings were based on the 93 Milwaukee sisters. Poor performance refers to the bottom quartile of performance on cognitive tests based on the scores for the 678 


: participants in the Nun Study. Low linguistic ability refers to the 33.3 percentile or lower for idea density (34 sisters with low vs 59 with high) and grammatical complexity (32 
@ with low, 64 with high). Cl indicates confidence interval. 


tAdjusted for age at the functional assessment and years of attained education. 

tP<.001 for ratio of the odds of poor cognitive performance in low vs high linguistic ability group. 
§P=<.01 for ratio of the odds of poor cognitive performance in low vs high linguistic ability group. 
| P<.05 for ratio of the odds of poor cognitive performance in low vs high linguistic ability group. 


$ Table 5—Neurofibrillary Tangles in Different Regions of the Brain by Linguistic Ability Demonstrated in Autobiographies Written in Early Life* 


EAEE 
Unadjusted Mean No. Multivariate-Adjusted Mean No. 


Idea Percent With One or Moré of NeurofibrillaryTangles of Neurofibrillary Tangles Per 
Region of Brain Density Neurofibrillary Tangles per 0.586 mm? (95% Cl) 0.586 mm? (95% Cl) 
; -Temporal lobe Low 90F 9.4 (6.7-12.1)f 8.8 (6.1-11.5)F 
$ High 29 0.5 (0-2.9) 1.0 (0-3.4) 
$ Parietal lobe Low 90+ 6.2 (3.5-8.9)t 5.1 (2.4-7.8)§ 
High 14 0.3 (0-2.7) 1.1 (0-3.3) 
Frontal lobe Low 80§ 6.0 (3.3-8.7)t 5.1 (2.4-7.8)§ 
High 31 0.3 (0-2.7) 1.0 (0-3.4) 
Subiculum Low 100§ 22.7 (14.1-31.3)t 22.6 (13.0-32.2)T 
High 57 3.8 (0-10.5) 3.8 (0-10.9) 
CA1 Low 75 15.8 (7.2-24.4)§ 21.6 (13.4-29.8)t 
High 50 4.8 (0-10.9) 1.9 (0-7.4) 


*These findings were based on 24 of the 25 sisters with neuropathologic evaluations (complete lesion counts in all brain regions could not be determined for one sister). There 
were 10 sisters with low idea density and 14 with high idea density. Least squares regression was used to adjust for age at death and years of education. Cl indicates confidence 





interval. Subiculum and CA‘ are regions of the hippocampus. 
tP=.01 for proportion with one or more neurofibrillary tangles (or the mean lesion count) in ow vs high linguistic ability group. 
tP<.001 for proportion with one or more neurofibrillary tangles (or the mean lesion count) in low vs high linguistic ability group. 
§P<.05 for proportion with one or more neurofibrillary tangles (or the mean lesion count) in low vs high linguistic ability group. 


present in 80% of those with Alzheimer’s 
disease compared with 33% of those with- 
out Alzheimer’s disease (P=.14). 

When findings in both groups of sis- 
ters were combined, 10 of these 25 sis- 
ters had neuropathologically confirmed Alz- 
heimer’s disease. Low idea density in early 
life was present in 90% of those with Alz- 
heimer’s disease compared with 18% in 
those without Alzheimer’s disease 
(P<,001). Further evidence of the asso- 
ciation between low idea density and Alz- 
heimer’s disease is presented in Table 5. 
These findings indicate that those with low 
idea density had substantially more neu- 
rofibrillary tangles in the hippocampus and 
neocortex that did those with high idea 
density. 

Allofthese analyses were repeated for 
grammatical complexity. The results in- 
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dicate only weak negative associations of 
grammatical complexity with neuropatho- 
logically confirmed Alzheimer’s disease 
and with neurofibrillary tangles in the 
hippocampus and neocortex. For example, 
among the 14 Milwaukee sisters who died, 
low grammatical complexity was present 
in 80% of those with Alzheimer’s disease 
compared with 67% in those without Alz- 
heimer’s disease (P=.61). 


COMMENT 


Our findings support a strong relation- 
ship between cognitive ability in early 
life, as indicated by linguistic ability, and 
cognitive function and Alzheimer’s dis- 
ease in late life. Low idea density in au- 
tobiographies, written at an average age 
of 22 years, significantly increased the 
risk of both poor cognitive function and 


Alzheimer’s disease 58 years later. These 
associations also were found in a subset 
of sisters who were college-educated and 
who were teachers most of their lives. 
Thus, it seems unlikely that our findings 
were attributable to confounding by edu- 
cation or occupation. 

We suspect that this relationship of 
linguistic ability in early life to cognitive 
function and Alzheimer’s disease in late 
life has more to do with cognitive ability 
in early life than with lifestyle and en- 
vironmental risk factors present in the 
sisters during mid and late adult life. 
Sisters in our study had the same re- 
productive and marital histories; had 
similar social activities and support; did 
not smoke or drink excessive amounts 
of alcohol; had similar occupations, in- 
come, and socioeconomic status; lived in 
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the same houses and ate food prepared 
in the same kitchens; and had equal ac- 
cess to preventive and medical care ser- 
vices. While this background limits the 
generalizability of the results, it also 
provides a unique opportunity to avoid 
many of the usual confounding factors in 
such studies. Because Catholic sisters 
represent a unique population of well- 
educated women, our findings need to 
be confirmed in other studies. 

Sisters with low linguistic ability in early 
life may have had less neurocognitive re- 
serve capacity when they entered the con- 
vent. This reduced reserve capacity may 


have made them more vulnerable later in» 


life to the consequences of the neuropa- 
thology of Alzheimer’s disease. This was 
our hypothesis prior to analyzing the data. 
That is, we expected that high linguistic 
ability (a potential indicator of brain re- 
serve) would prevent those with abun- 
dant neurofibrillary tangles and senile 
plaques of Alzheimer’s disease from ex- 
pressing the symptoms of the disease. 
However, only one sister met the neuro- 
pathologic criteria for Alzheimer’s disease 
but did not show intellectual decline con- 
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Alzheimer’s disease risk and the extent 
of Alzheimer’s disease lesions present 
at death. 
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